The most fungal DNA isolation protocols are designed to obtain high amounts of very pure DNA, requiring large fungal cultures and extraction procedures with many purification steps. Since the PCR does not require high purity DNA, the aim of this investigation was to evaluate three fast and simple fungal DNA isolation protocols for further use in Cercospora PCR based research. The purity and quantity of isolated DNAs were determined spectrophotometrically, electrophoretically and by PCR reaction with universal primers. The amounts of DNA evaluated on agarose gels, isolated by protocols A and C, did not correspond to the spectrophotometrical values, probably due to RNA impurities. In samples isolated by protocol B these impurities were not detected and the DNA concentrations were more similar. Neither protocol eliminated impurities such as carbohydrates and phenol. The average DNA yield of protocol A was 1.04 μg/μl, protocol B 0.88 μg/μl, and protocol C 0.55 μg/μl. The DNA quality most suitable for PCR analysis was obtained by protocol A, where amplification product with universal primers was detected in all DNA samples. The amplification product was detected in 87% of samples isolated by protocol C and in only 60% of samples isolated by protocol B. Although DNA obtained by protocol A had the highest yield and best quality, the isolation protocol C should be also recommended, for it does not require phenol, chlorophorm or liquid nitrogen.
Introduction
Cercospora leaf spot of sugar beet (Beta vulgaris L.) caused by Cercospora beticola Sacc. is the most important foliar disease of sugar beet in warm and humid agroecological conditions. In the absence of control measures in areas with high disease incidence, severe epidemics of Cercospora can result in significant reduction in root yield, recoverable sugar, percent of sucrose and increased concentration of impurities resulting in higher processing costs ( Jacobsen & Franc 2009, Shane & Considering the economical impact of Cercospora on sugar beet production, it is important to develop methods for successful DNA analysis, in order to further improve understanding of this important pathogen. The first step in development of DNA-based techniques is establishment of suitable DNA isolation protocols. The most fungal DNA isolation protocols require relatively large fungal cultures and long extraction procedures for obtaining high amounts of very pure DNA. These protocols are not necessary for experiments with polymerase chain reaction (PCR), since it does not require use of high purity DNA. Having in mind that PCR can amplify small amounts of low purity DNA, the aim of our research was to evaluate three fast and simple fungal DNA isolation protocols and determine which could be the most suitable for use in further investigation of Cercospora genome.
Sugar beet leaves with typical symptoms of Cercospora leaf spot were collected from sugar isolations from collected leaves, the obtained isolates were transferred on potato dextrose agar original scientific paper / originalni naučni članak In the first two protocols, mycelia were scraped with liquid nitrogen. The first modification was performed in step 2, when 600 μl of extraction The protocols were further followed without modifications. The extracted DNAs were diluted
In order to further improve DNA purification, in additional steps (2-5) proteinase and RNAse were added. Concentration of obtained DNA was measured buffer with ethidium bromide (0.5 g/ml) added to the gel. The λ phage DNA concentration of 25 ng, 50 ng, 100 ng and 250 ng were used as standards. Images were taken under UV light. The purity and quantity of isolated DNA were determined spectrophotometrically (Ultraspec values at 230, 260 and 280 nm were recorded. The quality of the isolated DNA was also evaluated by PCR reaction with universal primers U 1 U 2 specific for 18S rRNA, part of the small ribosomal subunit, following the amplification program: denaturation at 95 °C for 2 min followed by 35 cycles of 95 °C for 25s, 60°C for 30 s and 68 °C for 45 s, with final extension at 68 °C for 10 min. PCR products were separated on 1% agarose gels. 100 bp ladder
The yield and purity of isolated Cercospora beticola DNA differed among isolates and isolation was evaluated visually on agarose gels (Fig. 1a,  2a, 3a) it could be noticed that amounts of DNA isolated by protocols A and C did not correspond 3). This is not unexpected since RNA impurities could be seen on the gels with DNA isolated by those two protocols, and it is known that impurities in DNA solution caused by RNA can not be confidently identified by spectrophotometry (Somma 2004) . In samples isolated by protocol B these impurities could not be detected on agarose gel (Fig. 2a) and the DNA concentrations were more similar to the corresponding values, commonly used to assess the purity of DNA with respect to protein contamination, since proteins (in particular, the aromatic amino acids) tend to absorb at 280 nm (Sambrook & Russell 2001) . A ratio of approximately 1.8 is generally accepted as pure DNA. If the ratio is lower, it may indicate the presence of protein or other contaminants isolated by protocol A, from 1.5 to 1.9 in samples isolated by protocol B and from 1.3 to 1.9 in samples isolated using protocol C. The obtained A secondary measure of nucleic acid purity was commonly in the range of 2.0 -2.2. If the ratio is appreciably lower than expected, it may indicate the presence of contaminants which absorb at or near 230 nm, such as carbohydrates and phenol. In tested samples of Cercospora were very low, which showed that neither protocol was successful in eliminating above mentioned impurities. Such results are not surprising, since the isolation protocols used in this investigation are simple and do not include many purification steps. Nevertheless, having in mind that PCR is able to amplify DNA even in the presence of diverse impurities, the potential use of isolated DNAs in further molecular investigations on Cercospora was evaluated by using them as templates in PCR with universal primers (Fig. 1b, 2b, 3b ).
bp were detected in all samples where DNA was isolated using protocol A (Fig. 1b) , in nine samples (60%) where DNA was isolated using protocol B (Fig. 2b ) and in thirteen samples (87%) where DNA was isolated using protocol C (Fig. 3b) . The results indicate that DNA isolated using protocol A (Saghai-Maroof et al. 1984) could be used for PCR analysis with all 15 samples. The main difference between this and other two protocols is the presence of mercaptoethanol in extraction buffer. Since mercaptoethanol is known to improve removal of polyphenols and tannins from crude fungal extract, this could be the reason for good performance of this protocol. The isolation protocol according to Cenis (1992) should be also recommended, for it does not require phenol or chlorophorm extraction, or use of liquid nitrogen, unlike other two protocols. Phenol and and require special containment, while the waste disposal requires special equipment and care to avoid human and environmental exposure (Niu et al. 2008) . Also, by using this protocol, the problems related to handling, storage and maintenance of liquid nitrogen could be avoided.
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